Modulation of monomer-polymer equilibrium of phosphorylated smooth muscle myosin: effects on actin activation.
Actin activation of the adenosinetriphosphatase (ATPase) of phosphorylated gizzard myosin at low (2 mM) free Mg2+ concentration and 50 mM total ionic strength continues to increase on raising the free Ca2+ concentration near pCa 3. Similar levels of activity can be obtained by increasing the free Mg2+ concentration to a higher (in excess of 4 mM free) concentration. In the presence of micromolar concentrations of free Ca2+ and low free Mg2+ concentration, the actin-activated adenosine 5'-triphosphate (ATP) hydrolysis exhibits an initial rapid rate which progressively slows to a final, lower but more linear rate. In the presence of high divalent cation concentrations, the fast rate of ATP hydrolysis is maintained during the entire ATPase assay. The ionic conditions which favor the slow rate of ATP hydrolysis are correlated with increased proportions of folded myosin monomers while higher rates of ATP hydrolysis are correlated with increased levels of aggregated myosin. Elevating the thin filament proteins to saturating concentrations does not abolish the change in ATPase rate or the final distribution of myosin aggregates and monomers; however, the stability of the myosin aggregates is enhanced by the presence of thin filament proteins in low divalent cation conditions. The nonlinear profile of the actin-activated ATP hydrolysis in low divalent cation concentrations is eliminated by utilizing nonfilamentous, phosphorylated heavy meromyosin. The data presented indicate that Ca2+ and Mg2+ alter monomer-polymer equilibrium of stably phosphorylated myosin. The alteration of monomer-polymer equilibrium by Ca2+ at low Mg2+ concentration modulates ATPase rates.